Fig. 5. A needle biopsy of the nodule was
done which revealed a well-differentiated
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Fig.6. Treatment algorithm for HCC (JSH consensus-based 2007).
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Fig.7. A representative case with a hyper-
vascular nodule by CTHA in segment 8
with a diameter of 1.8 cm (a). This nodule
became a low-density area by CTAP (b).
This patient has good liver function classi-
fied as Child-Pugh A.

nEOV 24, 3cn

Fig. 8. A representative case with a hyper-
vascular nodule by CTHA in segment 7
with a diameter of 3.0 cm (a). Locally com-
plete curative necrosis was achieved by
RFA (b).
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Statement 4
Which treatment do you choose for the patient having a single
HCC nodule <2 cm with Child-Pugh A?

A typical case of a 62-year-old male is shown in fig-
ure 7. A hypervascular small nodule was observed by
CTHA at segment 8 with a diameter of 1.8 cm, which be-
came a low-intensity area by CTAP. His liver function
was classified as Child-Pugh A.

38% of the participants chose surgical resection, but
62% chose RFA. At the JSH consensus meeting, 44% of
the participants chose surgical resection, but 56% chose
RFA. When only surgeons were asked the same question,
80% of them chose surgical resection, but 20% chose
RFA. This question was asked to only physicians at the
JSH consensus meeting, and 32% chose surgical resec-
tion, and 68% chose RFA.

84 Oncology 2010;78(suppl 1):78-86

Overall survival was compared after surgical resection
with REA [8], in which no apparent difference was ob-
served between the two groups. Thereafter, several re-
ports including a large number of patients with HCC
compared the survival or recurrence, but they are not
randomized [9-11]. Thisis an important issue that needs
to be clarified. Thus, randomized controlled trials are
necessary including a large number of patients to clarify
which treatment is superior between surgical resection
and RFA.

Statement 5
Which treatment do you choose for a patient having a single
HCC nodule <3 cm with Child-Pugh A?

A representative case of a 75-year-old male is shown in
figure 8a. He had a single hypervascular nodule defined
by CTHA at segment 7 with a diameter of 3 cm. His liver

Izumi



Fig. 9. A typical case with a single hyper-
vascular HCC nodule in segment 6 with a
diameter of 1.4 cm. He has a good liver
function of Child-Pugh A (a). He was
treated by RFA alone, and complete necro-
sis was obtained (b).

function was well preserved and he was classified as
Child-Pugh A. The participants were asked this question.
74% of the participants chose surgical resection, but 26%
chose RFA by the ILCA. At the JSH consensus meeting,
80% of the participants chose surgical resection, but 20%
chose RFA as the first-line treatment.

Interestingly enough, most of the participants chose
surgical resection when the nodule was as large as 3 cm.
This hypervascular HCC nodule was treated by percuta-
neous RFA, and locally complete curative necrosis was
obtained (fig. 8b).

Statement 6
RFA should be done after TACE to the hypervascular HCC
nodule with a diameter of 2 cm.

A typical 62-year-old male with a 1.6-cm single hyper-
vascular HCC nodule in segment 6 is shown in figure 9a.
He has a good liver function with Child-Pugh A.

This statement was agreed on by 36% of the partici-
pantsat the ILCA consensus meeting, but 64% disagreed.
However, at the JSH consensus meeting, 51% of the par-
ticipants agreed with this statement, but 49% disagreed.

This hypervascular HCC nodule was completely ab-
lated by RFA alone (fig. 9b). It has been reported that
TACE before RFA increased the ablated area, suggest-
ing that overall survival will improve [12-14]; however,
TACE may increase the adverse events by RFA. Whether
TACE before RFA is beneficial for the patients should be
examined by analyzing the overall survival of patients
and comparing them to receiving TACE before RFA or
without TACE before RFA.

Diagnostic and Treatment Algorithm of
the JSH

Statement 7

Do you prescribe sorafenib as the first-line treatment option
for the patients with advanced HCC in whom surgical resection,
RFA or TACE is not indicated?

As sorafenib was approved in Japan in May 2009 [15],
only a few hepatologists have experienced prescribing the
medicine. Its usefulness after TACE in patients with ad-
vanced HCC is under investigation in the USA and Japan
[16]. It will be included in the therapeutic algorithm for
HCC, but it is still unclear to hepatologists to which pa-
tients the medicine should be prescribed.

At the ILCA consensus meeting, 61% of the partici-
pants.agreed with this statement, but 30% disagreed. 9%
of them did not have any opinion on the statement be-
cause they have no experience with sorafenib. At the JSH
consensus meeting, 35% of the participants agreed with
this statement, but 29% disagreed. 36% of the partici-
pants did not have any opinion because they have no ex-
perience with sorafenib.

The best indication for sorafenib should be investigat-
ed in the near future {17].

Statement 8
Overall survival should be the endpoint for the assessment of
efficacy comparing ablation with surgical resection.

The recurrence rate after surgical resection or RFA was
reported including a large number of patients, and the in-
cidence of intrahepatic recurrence was higher after RFA
than surgical resection [11]. However, overall survival was
not different between the two groups. Thus, the problem
is how to evaluate the outcome of surgical resection and
REFA, and this question was proposed by hepatologists.

Oncology 2010;78(suppl 1):78-86 85
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This statement was agreed on by 89% of the partici-

pants at the ILCA consensus meeting, but 11% disagreed

with this statement. At the JSH consensus meeting, 84%
of the participants agreed with this statement, and 16%

disagreed. The outcome should be evaluated by both

overall survival and incidence of recurrence.

-

[}

w

R

w

(=)}

®

References

Kokudo N, Makuuchi M: Evidence-based
clinical practice guidelines for hepatocellu-
lar carcinoma in Japan: the J-HCC guide-
lines. ] Gastroenterology 2009;44:119-121.
Silva MA, Hegab B, Hyde C, et al: Needle
tract seeding following biopsy of liver lesions
in the diagnosis of hepatocellular cancer: a
systemic review and meta-analysis. Gut
2008;57:1592~1596. '

Stigliano R, Marelli L, Yu D, et al: Seeding
following percutaneous diagnostic and ther-
apeutic approaches for hepatocellular carci-
noma. What is the risk and outcome? Seed-
ing risk for percutaneous approach of HCC.
Cancer Treat Rev 2007;33:437-447.

Suzuki M, Maeyama S, Takahashi H, et al:
Strategy for hepatic hyperplastic nodules in
heavy drinkers. Alcohol Clin Exp Res 2004;
28:1535-1588.

Golfieri R, Coppola F, Fusco F, et al: Malig-
nant progression of a small nodule: hypovas-
cular ‘early HCC’ converted to hypervascu-
ler ‘small HCC’ within six months. Dig Liver
Dis 2007;39:883-890.

Kudo M, Chung H, Osaki Y: Prognostic stag-
ing system for hepatocellular carcinoma
(CLIP score): its value and limitations, and a
proposal for a new staging system, the Japan
Integrated Staging Score. ] Gastroenterol
2003;38:207-215.

~

o

o

10

1

—

12

Acknowledgement

This study was supported by a grant-in-aid from the Ministry
of Health, Labor and Welfare, Japan.

Disclosure Statement

The author declares that he has no financial conflict of in-

terest.

Kudo M, Chung H, Haji S, et al: Validation of
anew prognostic staging system for hepato-
cellular carcinoma: the JIS score compared
with the CLIP score. Hepatology 2004;40:
1396-1405.

Vivarelli M, Guglielmi A, Ruzzenente A, et
al: Surgical resection versus percutaneous
radjofrequency ablation in the treatment of
hepatocellular carcinoma on cirrhotic liver.
Ann Surg 2004;240:102-107.

Ueno §, Sakoda M, Kubo F, et al: Surgical re-
section versus radiofrequency ablation for
small hepatocellular carcinomas within Mi-
lan criteria. ] Hepatobiliary Pancreat Surg
2009;16:359-366.

Hiraoka A, Horiike N, Yamashita Y, et al: Ef-
ficacy of radiofrequency ablation therapy
compared to surgical resection in 164 pa-
tients in Japan with single hepatocellular
carcinoma smaller than 3.cm along with re-
port of complications. Hepatogastroenterol-
ogy 2008;55:217-214.

Hasegawa K, Makuuchi M, Takayama T, et
al: Surgical resection vs. percutaneous abla-
tion for hepatocellular carcinoma: a prelimi-
nary report of the Japanese nationwide sur-
vey. ] Hepatol 2008;49:589-594.

Kirikoshi H, Saito S, Yoneda M, et al: Out-
come of transarterial chemoembolization
monotherapy, and combination with percu-
taneous ethanol injection, or radiofrequency
ablation therapy for hepatocellular carcino-
ma. Hepatol Res 2009;39:553-562.

86

Oncology 2010;78(suppl 1):78-86

13

Yang W, Chen MH, Wang MQ, et al: Combi-
nation therapy of radiofrequency ablation
and transarterial chemoembolization in re-
current hepatocellular carcinoma after hep-
atectomy compared with single treatment.
Hepatol Res 2009;39:231-240,

Kurokohchi K, Hosomi N, Yoshitake A, et al:

~ Successful treatment of large-size advanced

15

16

17

hepatocellular carcinoma by transarterial

‘chemoembolization followed by the combi-

nation therapy of percutaneous ethanol-lip-
iodol injection and radiofrequency ablation.
Oncol Res 2006;16:1067-1070.

Llovet JM, Bruix J: Molecular targeted thera-
pies in hepatocellular carcinoma. Hepatolo-
By 2008;48:1312-1327.

Hoffmann K, Glimm H, Radeleff B, et al:
Prospective, randomized double-blind, mul-
ticenter, phase III clinical study on transar-
terial chemoembolization (TACE) combined
with Sorafenib versus TACE plus placebo in
patients with hepatocellular cancer before
liver transplantation - HeiLivCa. BMC Can-
cer 2008;26:349,

Kudo M: Hepatocellular carcinoma 2009
and beyond: from the surveillance to molec-
ular targeted therapy, Oncology 2008;75:1-
12,

Izumi



& 5. #

15N 1386-6346

Volume 40 Issue 9 September 2010
The Official Journal of the Japan Society of Hepatology

wileyonlinelibrary.com/journal/hepr

WILEY-
BLACKWELL

65



Original Articles

(Ilmcal hepatology
Usefulness of transient elastography for assessment of liver fibrosis in chronic hepalms B: Regression of
liver stiffness during entecavir therapy
M Enomota, M Mori, T Ogawa, H Fujii, S Kobayashi, S Iwai, H Morikawa, A Tamori, H Sakagudu, A Sawada, S Takeda,
D Habu, $ Shiomi and N Kawada

Significance of interferan-B for the treatment of hepatitis C virus infection in hemodialyzed patients
M Zeniya, K Yokoyama, N Imamura, § Murdi, T lshikawa, A Hokari, K Koike, H Takahashi and S Sadaoka

Hepaticsteatosis in chronic hepatitis Cis a significant risk factor for developing hepatocellular carcinoma
independent of age, sex, obesity, fibrosis stage and response to interferon therapy

M Kurosaki, T Hosokawa, K Matsunaga, | Hirayama, T Tanaka, M Sato, ¥ Yasui, N Tamaki, K Ueda, K Tsuchiya, T Kuzuya,
H Nakanishi, J itakura, ¥ Takahashi, Y Asahina, N Enomoto and N lzumi

Epidemiological survey of Japanese children infected with hepatitis B and C viruses

T litsuka, J Murakami, | Nagata, S Kanzaki and K Shiraki

Effects of late evening snack on diurnal plasma glucose profile in patients with chronic viral liver disease

K Suzulk, K Kagawa, K Koizumi, K Suzuki, H Katayama and M Sugawara

Impact of splenectomy in patients with liver cirrhosis: Results from 18 patients in a single center experience

S Imura, M Shimada, T Utsunomiya, Y Morine, T lkemota, H Mori, ] Hanaoka, $ iwahashi, Y Saito, H Yamanaka-Okumura
and E Takeda

Basic hepatology

Human study
Lower circulating levels of dehydroepiandrosterone, independent of insulin resistance, is an important
determinant of severity of non-alcoholic steatohepatitis in Japanese patients
Y Sumida, Y Yonei, K Kanemasa, T Hara, Y Inada, K Sakai, S Imai, S Hibino, K Yamaguchi, H Mitsuyoshi, K Yasui,
M Minami, Y Itoh, Y Naito, T Yoshikawa and T Okanoue
Adipocytokine involvement in hepatocellular carcinoma after sustained response to interferon for chronic
hepatitis C
N Fukushima, R Kuromatsu, T Arinaga-Hino, E Ando, A Takata, S Sumie, M Nakano, T Kawaguchi, T Ide, T Torimura and
M Sata

Short Communications
Expression profile of lipid metabolism-associated genes in hepatitis C virus-infected human liver
T Fujino, M Nakamuta, R Yada, Y Aoyagi, K Yasutake, M Kohjima, K Fukuizumi, T Yoshimoto, N Harada, M Yada, M Kato,
I Kotoh, A Taketomi, Y Maehara, M Nakashima and M Enjoji
Improved diagnosis of well-differentiated hepatocellular carcinoma mth gadolinium ethoxybenzyl

dlethylenelrlamlnepentaatentaud— hanced mag r ging and S
hanced

N Kawada, K Ohkawa, S Tanaka, TMammagu, H Uehara, T loka, ¥ Takano, R Takakura, K imanaka, C Tamai,
T Kawaguchi, Y Tomita, K Nakanishi and K Katayama

Case Report
ABCB4 deficiency: A family saga of early onset cholelithiasis, sclerosing cholangitis and cirrhosis and a novel
mutation in the ABCB4 gene
GU Denk, H Bikker, RHL dit Deprez, V Terpstra, C van der Loos, U Beuers, C Rust and T Pus!




Hepatology Research 2010; 40: 870-877

Original Article

doi: 10.1111/}.1872-034X.2010.00692.x

Hepatic steatosis in chronic hepatitis C is a significant risk
factor for developing hepatocellular carcinoma
independent of age, sex, obesity, fibrosis stage and

response to interferon therapy

Masayuki Kurosaki,' Takanori Hosokawa,' Kotaro Matsunaga,? Itsuko Hirayama,’
Tomohiro Tanaka,' Mitsuaki Sato,' Yutaka Yasui,' Nobuharu Tamaki,' Ken Ueda,’
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Yasuhiro Asahina,’ Nobuyuki Enomoto® and Namiki izumi’
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Department of Internal Medicine, University of Yamanashi, Yamanashi, Japan

Aim: Hepatic steatosis is linked to development of hepato-
cellular carcinoma (HCC) in non-viral liver disease such as
non-alcoholic steatohepatitis. The present study aimed to
assess whether hepatic steatosis is associated with the devel-
opment of HCC in chronic hepatitis C.

Methods: We studied a retrospective cohort of 1279
patients with chronic hepatitis C who received interferon (IFN)
therapy between 1994 and 2005 at a single regional hospital
in Japan. Of these patients, 393 had a sustained virologicai
response (SVR} and 886 had non-SVR to JFN therapy. After IFN
therapy, these patients were screened for development of
HCC every 6 months. The average period of observation was
4.5 years.

Results: HCC developed in 68 patients. The annual incidence
of HCC was 2.73% for patients with a steatosis grade of 10% or
greater and 0.69% for patients with a steatasis grade of 0-9%.

On multivariate analysis, higher grade of steatosis was a sig-
nificant risk factar for HCC independent of older age, male
sex, higher body mass index (BMI), advanced fibrosis stage
and non-SVR to IFN therapy. The adjusted risk ratio of hepatic
steatosis was 3.04 (confidence interval 1.82-5.06, P < 0.0001),
which was higher than that of older age (1.09), male sex (2.12),
non-SVR to IFN (2.43) and higher BMI (1.69).

Conclusion: Hepatic steatosis is a significant risk factor for
development of HCC in chronic hepatitis C independent
of other known risk factors, which suggest the possibil-
ity that amelioration of hepatic steatosis may prevent
hepatocarcinogenesis.

Key words: hepatocellular carcinoma, interferon, steatasis,
virological response.

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of
the most common cancers worldwide and its inci-
dence has been increasing. This recent increase in
HCC incidence may likely be attributed to the higher
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prevalence of non-alcoholic fatty liver disease (NAFLD)
and hepatitis C virus (HCV) infection.!

Non-alcoholic fatty liver disease is characterized by
hepatic steatosis with or without inflammation in the
absence of excessive alcohol consumption. Several
studies have indicated the etiological association
between NAFLD and development of HCC.** Qther
studies have shown that obesity or diabetes, a common
etiology of non-alcoholic hepatic steatosis, is associated
with development of HCC.**" Although the mechanism
of carcinogenesis in NAFLD has not been determined,
an animal model showed that obesity-related hepatic
steatosis leads to the development of hepatic

© 2010 The Japan Society of Hepatology
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hyperplasia, suggesting the possibility that hepatic ste-
atosis is a pre-malignant condition.®

Another important etiological agent for HCC is HCV
infection. Because steatosis is a common pathological
feature of HCV-infected patients,” the important ques-
tion is whether steatosis influences the progression of
liver disease in hepatitis C, by analogy with NAFLD.
Several studies, including ours” indicated that
hepatic steatosis promotes the progression of hepatic
fibrosis.'**'* The association between hepatic steatosis
and the development of HCC in chronic hepatitis C has
been proposed'® and was confirmed in two studies'’’®
while another study failed to show such an associa-
tion.”” The present study was conducted to analyze the
association between hepatic steatosis and development
of HCC in a large cohort of chronic hepatitis C patients,
which enabled to adjust for known risk factors for HCC.

METHODS

Patients

TOTAL OF 1437 chronic hepatitis C patients were

treated with interferon (IFN) at Musashino Red
Cross Hospital between October 1994 and October
2005. Among them, 1279 patients who fulfilled the
following inclusion criteria were enrolled in this study:
(i) positive for HCV RNA by reverse-transcription poly-
merase chain reaction before IFN therapy; (ii) absence
of other causes of liver disease, such as co-infection with
hepatitis B virus, autoimmune hepatitis or primary
biliary cirthosis; (iii) had undergone liver biopsy within
the 12 months prior to IFN treatment; (iv) were fol-
lowed for more than 1 year after the completion of IEN
therapy; and (v) absence of HCC during and within
1 year after the completion of therapy. A total of 158
patients were excluded: two patients who were positive
for hepatitis B surface antigen, 97 patients lacking liver
biopsy, 53 patients with less than 1 year's duration of
follow up, and six patients who developed HCC within
1 year of the completion of IFN therapy. The study pro-
tocol conformed to the ethical guidelines of the Decla-
ration of Helsinki and was approved by the institutional
ethics review committee.

Patients were followed up by regular visits to our
hospital every 1-3 months. Six patients died of liver-
unrelated disease (two patients with gastric cancer and
one patient each with lung cancer, colon cancer, pancre-
atic cancer and leukemia). There were 122 patients
who were lost to follow up because of relocation. We
included their data in the analysis, censored at the time

Steatosis and HCC in chronic hepatitis C 871

of their last visit. The start of follow up was defined as
the date of completion of first IFN therapy and the end
of follow up was defined as the date of diagnosis of HCC
or the date of the last visit. The average period of follow
up was 4.5 years.

Clinical characteristics and laboratory data were col-
lected at the most recent time point before liver biopsy.
Diabetes mellitus was diagnosed based on a fasting
plasma glucose concentration that exceeded 126 mg/dL,
a casual plasma glucose concentration that exceeded
200 mg/dL, or the need for insulin or oral anti-
hyperglycemic drugs. Information regarding alcohol
consumption was obtained through an interview. Body
mass index (BMI) was calculated using the following
formula: weight in kilograms/height in meters squared.
The baseline clinical features of patients at enrollment
are summarized in Table 1.

Histological examination

Liver biopsy specimens were obtained from all patients
before therapy. The median length of liver biopsy speci-
mens was 13 mm (range 10-42 mm) and median
number of portal tracts was 11 (range 4-30). Histologi-
cal findings were re-evaluated recently by three indepen-
dent pathologists who were blinded to the clinical
details to ensure consistency over time. Fibrosis and
activity were scored according to the METAVIR scoring
system.* Fibrosis was staged on a scale of 0-4: FO (no
fibrosis); F1 (mild fibrosis: portal fibrosis without
septa); F2 (moderate fibrosis: few septa); F3 (severe
fibrosis: numerous septa without cirrhosis); and F4 (cir-
thosis). Activity of necroinflammation was graded on a
scale of 0-3: A0 (no activity); Al (mild activity); A2
(moderate activity); and A3 (severe activity). Percentage
of steatosis was quantified by determining the average
proportion of hepatocytes affected by steatosis and
graded on a scale of 0%, 1-9%, 10-29% and 30% or
greater as reported previously.’® All three pathologists
assigned the same scale in 85% of cases for fibrosis
staging, 87% for inflammation grading and 95% for
steatosis grading. If there was discordance, the scores
assigned by two pathologists were used for the analysis.

Screening for HCC

At enrollment, no patient had HCC or any suspicious
lesion on abdominal ultrasonography or computed
tomography. Patients were examined for HCC by
abdominal ultrasonography or computed tomography
at least every 6 months. Suspicious lesions were exam-
ined further by a triphasic contrast-enhanced computer-
ized tomography or magnetic resonance imaging,

© 2010 The Japan Society of Hepatology
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Table 1 Clinical characteristics of patients

Male, n (%) 643 (50%)

Age (years) 542%11.9
BMI (kg/m?) 234431
Alcohol consumption 220 g/day, n (%) 44 (3%)
Diabetes Mellitus, n (%) 197 (15%)
AST level (IU/L) 68.9+453
ALT level (IU/L) 92.9+759
GGT level (IU/L) 4124382
Platelet count (x10'°/L) 164 £5.2
HCV genotype, n (%)
1b 873 (68.2%)
2a 236 (18.4%)
2b 139 (10.9%)
3 2 (0.2%)
Not determined 29 (2.3%)
Histological findings
Grade of activity, n (%)
A0 154 (12%)
Al 574 (45%)
A2 441 (34%)
A3 110 (9%)
Stage of fibrosis, n (%)
FO 24 (2%)
F1 591 (46%)
F2 378 (30%)
F3 242 (19%)
F4 44 (3%)
Grade of steatosis, nn (%)
0% 384 (30%)
1-9% 543 (42%)
10-29% 215 (17%)
>30% 137 (11%)

SVR to interferon therapy, n (%)
Development of HCC, n (%)

393 (31%)
68 (5%)

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BMI, body mass index; GGT, y-glutamyltransferase; HCC,
hepatocellular carcinoma; SVR, sustained virological response.

angiography or tumor biopsy to confirm the diagnosis.
Diagnostic criteria of HCC on radiological findings were
hyper-vascularity at angiography or hyper-attenuation at
triphasic contrast-enhanced computerized tomography
or magnetic resonance imaging during the hepatic arte-
rial phase.

Statistical analysis

The SPSS software package ver. 15.0 was used for statis-
tical analysis. Categorical data were analyzed using Fish-
er's exact test. Continuous variables were compared with
Student’s t-test. The time for the development of HCC
was defined as the time from the completion of IFN
therapy to the time of diagnosis. Annual incidence of

© 2010 The Japan Society of Hepatology
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HCC was calculated using the person-years method.
Effect of hepatic steatosis on time to development of
HCC was analyzed by the Kaplan-Meier method and
log-rank test, after stratification by age, sex, BMI, degree
of fibrosis and response to [EN therapy, as well as mul-
tivariate analysis using Cox proportional hazards regres-
sion analysis. A P-value of less than 0.05 was considered
statistically significant.

RESULTS

Background factors for steatosis

ATIENTS WITH A steatosis grade of 10% or greater

were older (53.6+12.6 vs 56.0£9.8, P=0.001),
had a higher BMI (23.0 £ 3.0 vs 24.6 = 3.3, P< 0.0001),
higher frequency of diabetes (12% vs 24%, P<
0.0001), higher  serum levels of aspartate amino-
transferase (AST) (66+46 vs 75+43, P=0.002),
y-glutamyltransferase (GGT) (37£52 vs 52133,
P <0.0001), total cholesterol (173 +32 vs 179 £33,
P=0.005), triglycerides (12356 vs 145+68, P<
0.0001), and a lower serum level of albumin (4.2£0.3
vs 4.1£0.3, P=0.005) and lower platelet counts
(16.6 + 5.2 vs 15.7 £ 5.1, P=0.007). Histological grade
of activity (A2-3: 39% vs 54%, P < 0.0001), and stage of
fibrosis (F3-4: 18%vs 34%, P < 0.0001) were higher. The
proportion of non-sustained virological response (SVR)
to IFN also was higher (35% vs 19%, P < 0.0001). These
results indicate that hepatic steatosis in hepatitis C is
related to metabolic factors and associated with other risk
factors for the development of HCC such as older age,
advanced stage of fibrosis, and non-SVR to IFN therapy.

Factors associated with the development
of HCC

Hepatocellular carcinoma developed in 68 patients
during follow up. An overall annual incidence of HCC
development was 1.19% by person-years. The annual
incidence of HCC development by person-years was
higher in patients with higher grade of steatosis: 0.45%
for patients without steatosis, 0.78% for patients with
1-9% of steatosis, 2.30% for patients with 10-29% of
steatosis, and 3.56% for patients with 30% of steatosis.
The relative risk of hepatic steatosis (grade of 210%) for
HCC development was 4.39 (95% confidence interval
2.66-7.26, P < 0.0001). The difference remained signifi-
cant, even after stratification for other risk factors such as
IFN therapy, stage of fibrosis, age, sex and BMI (Fig. 1).
When analyzed by the multivariate Cox proportional
hazards regression method, a higher grade of steatosis,
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1 10 100 Odds ratio 95% C P value
Figure 1 Relative risk differences of . 44 27713 <0.0001
hepatocellular  carcinoma  (HCC)  Age <60 —_— 12,3 4.1-37.3 <0.0001
among patients with and without ste-  Age 260 ———— 29 1.6-52 0.0006
atosis. The relative risk of hepatic  Female _— 47 2.1-10.5 0.0002
steatosis (grade 210%) for HCC devel- Male e 43 2.2-82 <0.0001

opment was analyzed, after stratifica- SVR

159 3.1-80.8 0.0008

tion for other risk factors such as Non-SVR — 32 1.9-55 <0.0001
interferon (IFN) therapy, stage of fibro- F0-2 ——t 4.7 2.1-10.3 0.0001
sis, age, sex and body mass index F3-4 - 27 1.4-53 0.0041
(BMI). SVR, sustained virological —BMI<23 e 49 2.0-11.9 0.0004
response. BMI 223 — 37 2.0-68 <0.0001

older age, male sex, higher BMI, an advanced stage of
fibrosis and non-SVR to IFN therapy were independent
risk factors associated with the development of HCC
(Table 2). The adjusted risk ratio of hepatic steatosis was
3.04 (95% confidence interval 1.82-5.06, P < 0.0001).
The presence of diabetes and consumption of ethanol
were not significant. Figure 2(a) shows the Kaplan-
Meier curve of the time to development of HCC in the
entire cohort. The cumulative incidence of HCC was
significantly higher with hepatic steatosis of 10% or
greater. To adjust for other risk factors, patients were
stratified according to response to IFN therapy, stage of
fibrosis, age, sex and BMI. The difference remained sig-
nificant, even after stratification for these confounding
factors (Fig. 2b-f). Three patients died after the devel-
opment of HCC. All were over 60 years old, and had
significant steatosis. The impact of hepatic steatosis on
the survival rate could not be analyzed due to the small
number of death.

DISCUSSION

N THIS STUDY, we have shown that the presence of
significant steatosis is an independent risk factor for

the development of HCC in chronic hepatitis C. Our
study involved the largest number of patients, compared
to previous reports, and this enabled us to adjust for
other known risk factors for HCC. The impact of steato-
sis on HCC development remained significant even after
adjusting for other risk factors such as older age, male
sex, higher BMI, advanced fibrosis and non-SVR to IFN
therapy. These findings indicate the need of intensive
surveillance for HCC in patients with significant steato-
sis and provide an argument for therapeutic interven-
tions aimed at reducing steatosis, in order to reduce the
risk of HCC.

The assodation between hepatic steatosis and the
development of HCC in chronic hepatitis C has been
proposed and the possible mechanism has been dis-
cussed.'® There are several cohort studies on this topic
but their results are conflicting. The first report
included 20 patients with SVR to IFN, 51 patients with
non-SVR to IFN and 90 patients who did not receive
IEN therapy.'” In this cohort of 161 patients, older age,
absence of IFN therapy, cirrhosis and steatosis were
associated with HCC development. Another study
involved 25 patients with HCC and an equal number
of patients who did not develop HCC, matched for

Table 2 Multivariate analysis of risk factors for hepatocellular carcinoma

Predictor Odds ratio (95% CI) P-value
Age By every 10 years 1.09 (1.05-1.13) <0.0001
Sex Male vs female 2.12 (1.28-3.51) 0.004
Stage of fibrosis F3-4 vs FO-2 4.30 (2.59-7.14) <0.0001
Grade of steatosis 210% vs <10% 3.04 (1.82-5.06) <0.0001
Response to IFN Non-SVR vs SVR 2.43 (1.13-5.23) 0.023
Diabetes Present vs absent 0.75 (0.42-1.33) 0.319
Ethanol consumption (g/day) 220 vs <20 0.50 (0.07-3.60) 0.478
BMI (kg/m2) 223 vs <23 1.69 (1.02-2.86) 0.043

BMI, body mass index; CI, confidence interval; IFN, interferon; SVR, sustained virological response.
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Figure 2 Cumulative incidence of hepatocellular carcinoma (HCC) among patients with steatosis (solid line) and without steatosis
(dotted line), stratified by other risk factors. The cumulative incidence of HCC was (a) significantly higher in patients with a
steatosis grade of 10% or greater (P < 0.0001 by the log-rank test), even after (b) stratification by the response to interferon therapy
(P <0.0001 for sustained virological response [SVR] and non-SVR by the log-rank test), (c) stratification by the stage of fibrosis
(P<0.0001 for FO-2 and P = 0.0036 for F3-4 by the log-rank test), (d) stratification by age (P = 0.0001 for age 260 and P < 0.0001
for age <60 by the log-rank test), (e) stratification by sex (P < 0.0001 for men and women by the log-rank test), and (f) stratification
by body mass index (BMI) (P < 0.0001 for BMI 223 kg/m? and <23 kg/m? by the log-rank test). The number of patients at risk is

shown below each graph.

age, sex, HCV genotype and stage of fibrosis.? In this
study, only ALT and albumin were identified as predic-
tors of HCC and steatosis was not. The authors
acknowledged the small size of the cohort as a limita-
don and emphasized the need for larger cohort
studies. The third study analyzed explanted liver from
cirthotic patients who underwent liver transplantation
and included 32 patients with HCC and 62 patients
without HCC." The authors found that older age,
higher a-fetoprotein levels and steatosis were signifi-
cantly associated with HCC. The major advantage of
this study was the standardization of fibrosis stage to
cirrhosis. On the other hand, a limitation was the ret-
rospective nature of the study; steatosis was evaluated
after the diagnosis of HCC, when cirrhosis already was
present (fibrosis stage F4). Because steatosis has been
reported to decrease once cirrhosis has developed, this
study may have underestimated the grade of steatosis
present prior to the development of HCC. Thus, we
cannot simply apply their findings to a clinical setting
where biopsies are usually obtained before the devel-
opment of cirrhosis and years before the development
of HCC. Based on that background, the principal aim
of this study was to analyze the association between
hepatic steatosis and the development of HCC in
chronic hepatitis C patients, adjusting for known risk
factors. We found that steatosis was an independent
risk factor by the multivariate Cox proportional
hazards regression analysis and by the Kaplan-Meier
method and log-rank test after stratification by other
risk factors. To our surprise, the adjusted risk ratio of
hepatic steatosis was higher than that of older age,
male sex, non-SVR to IFN and higher BMI.

How steatosis contributes to the development of HCC
remains unclear. Several studies including ours,*® indi-
cated that hepatic steatosis promotes the progression of
hepatic fibrosis,''-'* which potentiates the risk of HCC
indirectly. On the other hand, the ob/ob mouse model
of NAFLD showed that hepatic neoplasia developed in
the absence of advanced fibrosis, supporting the concept
that metabolic abnormalities related to obesity initiate

the neoplastic process.® Leptin, an adipocytokine related
to steatosis in chronic hepatitis C,*! was shown recently
to be mitogenic in human liver* and thus may be a link
between steatosis and HCC development. Otherwise,
steatosis may be responsible for increased lipid peroxi-
dation and reactive oxygen species which induce genetic
damage.”-** Another study showed that mice transgenic
for the HCV core gene developed hepatic steatosis early
in life and thereafter HCC which indicates that the HCV
core protein has a chief role in the development of both
steatosis and HCC development.” The precise mecha-
nism of the association between steatosis and carcino-
genesis needs further investigation.

The higher incidence of HCC in patients with signifi-
cant steatosis has important clinical implications. The
most important question is whether therapeutic inter-
ventions aimed at reducing steatosis could reduce
the risk of HCC in chronic hepatitis C. Because the
adjusted risk ratio of hepatic steatosis was higher than
that of older age, male sex, non-SVR to IFN and higher
BMI, we hypothesize that modification of lifestyle and
the amelioration of hepatic steatosis may efficiently
prevent hepatocarcinogenesis in patients having con-
comitant risk factors. Apparently, further prospective
studies focusing on this point are necessary. Weight
reduction may provide an important treatment strategy
because one study indicated that weight reduction in
chronic hepatitis C leads to a reduction in steatosis and
an improvement in fibrosis despite the persistence of
HCV infection.”” Alternatively, insulin resistance may
be another target of therapy because a study showed
that the administration of pioglitazone led to meta-
bolic and histological improvement in subjects with
non-alcoholic steatohepatitis.” A limitation of the
present study was that data for the plasma insulin
concentration was not available and thus insulin
resistance could not be assessed. Whether insulin re-
sistance plays a role in hepatocarcinogenesis or its
amelioration could improve steatosis and ultimately
prevent development of HCC in chronic hepatitis C
awaits future investigation.

© 2010 The Japan Society of Hepatology
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Another important finding of the present study was
that steatosis was a significant risk factor for the devel-
opment of HCC in patients with SVR to IFN therapy.
Thus, steatosis may play a role in carcinogenesis in
patients who have cleared HCV. Several studies have
shown that the incidence of HCC is reduced but not
eliminated in those with SVR to IFN.*-3' Because the
predictors of HCC development in SVR patients have
not been established to date, steatosis may be used to
identify patients who need intensive surveillance and
long-term follow up, even after the clearance of HCV. In
conclusion, we showed that hepatic steatosis is signifi-
cantly associated with the development of HCC in
chronic hepatitis C independent of age, sex, BMI, degree
of fibrosis and response to previous IFN therapy. Steato-
sis may be a useful marker for identifying patients at
higher risk for HCC. Further studies are needed to evalu-
ate the hypothesis that therapeutic interventions aimed
at reducing steatosis may prevent hepatocarcinogenesis.
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Abstract

Background This study aimed to develop a model for the
pre-treatment prediction of sustained virological response
(SVR) to peg-interferon plus ribavirin therapy in chronic
hepatitis C.

Methods Data from 800 genotype 1b chronic hepatitis C
patients with high viral load (>100,000 IU/ml) treated by
peg-interferon plus ribavirin at 6 hospitals in Japan were
randomly assigned to a model building (n = 506) or an
internal validation (n = 294). Data from 524 patients
treated at 29 hospitals in Japan were used for an external
validation. Factors predictive of SVR were explored using
data mining analysis.
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Results  Age (<50 years), alpha-fetoprotein (AFP) (<8
ng/mL), platelet count (=120 x 10%/1), gamma-glutamyl-
transferase (GGT) (<40 IU/1), and male gender were used
to build the decision tree model, which divided patients
into 7 subgroups with variable rates of SVR ranging from
22 to 77%. The reproducibility of the model was confirmed
by the internal and external validation (+* = 0.92 and 0.93,
respectively). When reconstructed into 3 groups, the rate of
SVR was 75% for the high probability group, 44% for the
intermediate probability group and 23% for the low prob-
ability group. Poor adherence to drugs lowered the rate of
SVR in the low probability group, but not in the high
probability group.
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Conclusions A decision tree model that includes age,
gender, AFP, platelet counts, and GGT is useful for pre-
dicting the probability of response to therapy with peg-
interferon plus ribavirin and has the potential to support
clinical decisions regarding the selection of patients for
therapy.

Keywords" Data mining - Decision tree -
Alpha-fetoprotein - HCV - Peg-interferon

Introduction

The current standard therapy for genotype 1 chronic hep-
atitis C is 48 weeks of pegylated interferon (PEG-IFN) plus
ribavirin (RBV) [1]. Sustained virological response (SVR),
defined as undetectable HCVRNA post-treatment is
regarded as a cure of chronic hepatitis C. However, the rate
of SVR to this regimen is only 50% in patients with HCV
genotype 1b and a high HCVRNA titer [2, 3]. Since PEG-
IFN and RBV combination therapy is costly and accom-
panied by potential adverse effects, the ability to predict
the possibility of SVR before therapy may significantly
influence the selection of patients for therapy. A recent
report revealed that single nucleotide polymorphisms
located in the /L28B are strongly associated with a
response to PEG-IFN plus RBV therapy [4-6]. Besides, the
amino acid substitutions in the NS5A [7-9] or core region
of HCV were also associated with response to therapy [10,
[ 1]. Unfortunately, these host genetic and viral factors are
not yet readily available for general application in actual
clinical practice. Fibrosis of the liver is also an important
predictor of response, but resources may be limited in some
countries. Clinical and non-invasive parameters may be
better suited for general practice, but there is no established
means by which the likelihood of a response can be pre-
dicted prior to therapy.

Data mining is a method of predictive analysis that
explores data, without setting the hypothesis, to discover
hidden patterns and relationships in highly complex data-
sets and enables the development of predictive models.
Decision tree analysis is a core component of data mining
and predictive modeling [12], and it is utilized by decision
makers in various fields of business. Recent publications on
decision tree analysis indicate its usefulness for defining
prognostic factors in various diseases such as prostate
cancer [13], diabetes [14], melanoma [15, 16], colorectal
carcinoma [17, 18], and liver failure [19]. The results of the
analysis are presented as a tree structure, which is intuitive
and facilitates the allocation of patients into subgroups by
following the flow chart form [20]. We have recently
reported the usefulness of decision tree analysis for the
prediction of early virological response (undetectable

@ Springer

HCVRNA within 12 weeks of therapy) to PEG-IFN and
RBYV combination therapy in chronic hepatitis C [21].

In the present study, we used decision tree analysis to
explore baseline predictors of response to PEG-IFN/RBV
therapy so that a pre-treatment algorithm could be created
to discriminate chronic hepatitis C patients who are likely
to respond to PEG-IFN/RBV therapy from those who are
not. For the purpose of use in general practice, only clinical
and non-invasive parameters were included in the analysis.

Materials and methods
Patients

This was a multicenter retrospective cohort study sup-
ported by the Japanese Ministry of Health, Labor and
Welfare. Data were collected from a total of 800 chronic
hepatitis C patients who received therapy for 48 weeks
with PEG-IFN alpha-2b and RBV at Musashino Red Cross
Hospital, Toranomon Hospital, Tokyo Medical and Dental
University, Osaka University, Nagoya City University
Graduate School of Medical Sciences, Yamanashi Uni-
versity, and their related hospitals. The inclusion criteria to
be enrolled in this study were as follows (1) infection by
genotype 1b, (2) HCVRNA higher than 100,000 IU/ml by
quantitative PCR (Cobas Amplicor HCV Monitor v 2.0,
Roche Diagnostic systems, CA), which is typically used for
the definition of high viral load in Japan, (3) lack of co-
infection with hepatitis B virus or human immunodefi-
ciency virus, (4) lack of other causes of liver disease such
as autoimmune hepatitis and primary biliary cirrhosis and
(5) completion of at least 12 weeks of therapy. Patients
received PEG-IFN alpha-2b (1.5 pg/kg) subcutaneously
every week and were administered a weight-adjusted dose
of RBV (600 mg for <60 kg, 800 mg for 60-80 kg, and
1,000 mg for >80 kg), which is the recommended dosage
in Japan. Patients who were treated for more than 49 weeks
were not included in the study. For the analysis, patients
were randomly assigned to either the model building
(n = 506) or the internal validation (n = 295) group.
Consent was obtained from each patient. The study pro-
tocol conformed to the ethical guidelines of the Declaration
of Helsinki and was approved by the institutional review
committee, The baseline characteristics and representative
laboratory test results are listed in Table 1. The overall rate
of SVR was 47% in the model building set and 49% in the
validation set. There were no significant differences in the
clinical backgrounds between these 2 groups.

For external validation of the model, we collaborated
with another study group supported by the Japanese Min-
istry of Health, Labor and Welfare. This multicenter study
group consisted of 29 medical centers and hospitals
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Table 1 Comparison of pre-treatment factors between model build-
ing and internal validation patients

Model Validation
(n = 506) (n = 295)
Age (years) 56 (14-75) 55 (18-74)

Male gender”
Body mass index

261/506 (52%)
22.9 (14.3-34.0)

160/295 (54%)
232 (16.1-33.8)

(kg/m?)
Albumin (g/dI) 4 (2.7-5.0) 4(2.8-4.9)
Creatinine (mg/dl) 0.7 (04-1.5) 0.7 (04-1.1)
AST (1U/) 60 (11-370) 62 (11-240)
ALT (TUN1) 73 (11-413) 73 (14-390)
GGT (1U/) 56 (10-328) 55 (71—409)
Total cholesterol 173 (73-297) 171 (29-273)
(mg/dl)
Triglyceride 105 (33-474) 109 (32-372)
(mg/dl)

White blood cell count 4,745 (1,800-10,900) 4,823 (1,200-9,700)
()

Neutrophil count
(i

Red blood cell
count (/pl)

Hemoglobin (g/dl)

Hematocrit (%)

Platelets (10°/1)

2,563 (667-7,870) 2,484 (508-7,579)

448 (313-577) 451 (313-574)

14.1 (9.4-18.3)
41.7 (13.3-53.7)
164 (52-380)

14.1 (10.0-18.0)
41.9 (15.5-52.7)
158 (43-312)

AFP (ng/ml) 14.7 (0.9-680) 13 (0.8-323)
HCVRNA 1,852 (100-5,100) 1,870 (100-5,100)
(10° TU/ml)

Fibrosis stage: F3—4 73/417 (18%) 481247 (19%)

Data expressed as median (range) unless otherwise indicated

AST aspartate aminotransferase, ALT alanine aminotransferase,
GGT gamma-glutamyltransferase, AFP alpha-fetoprotein

* Data expressed as numberfavailable data (percentage)

belonging to the National Hospital Organization. A dataset
collected from 524 patients who were treated with PEG-
IFN alpha-2b/RBV was used as an external validation
dataset, i.e., completely independent from the dataset that
was used for model building.

Laboratory tests

Blood samples were obtained before therapy and at least
once every month during therapy, and were used for
hematologic tests, blood chemistry analysis and determi-
nation of HCV RNA. Pretreatment levels of HCV RNA were
quantified by Cobas Amplicor (Roche Diagnostic Systems,
Pleasanton, CA). SVR was defined as undetectable HCV
RNA at week 24 afier completion of therapy, as determined
by qualitative PCR with a lower end detection limit of
50 1U/ml (Amplicor, Roche Diagnostic Systems). Liver
biopsy was available in 664 patients. Fibrosis and activity

were scored according to the METAVIR scoring system
[22]. Fibrosis was staged on a scale of 0—4: F0 (no fibrosis),
F1 (mild fibrosis: portal fibrosis without septa), F2 (mod-
erate fibrosis: few septa), F3 (severe fibrosis: numerous
septa without cirrhosis) and F4 (cirrhosis). Activity of
necroinflammation was graded on a scale of 0-3: AO (no
activity), Al (mild activity), A2 (moderate activity) and A3
(severe activity).

Statistical analysis

A database of pretreatment variables was created contain-
ing 6 variables from hematological tests (red blood cells,
hemoglobin, hematocrit, white blood cells, neutrocytes and
platelets), 8 variables from the blood chemistry test [cre-
atinine, albumin, aspartate aminotransferase, alanine ami-
notransferase, gamma-glutamyltransferase (GGT), total
cholesterol, triglyceride and alpha-fetoprotein (AFP)],
serum level of HCV RNA and 3 variables for patient
characteristics (age, gender and body mass index). Based
on this database, the recursive partitioning analysis algo-
rithm referred to as decision tree analysis was implemented
to define meaningful subgroups of patients with respect to
the possibility of achieving SVR.

Decision tree analysis is a family of nonparametric
regression methods. Software is used to automatically
explore the data to search for optimal split variables and to
build a decision tree structure [23]. For the analysis, the
entire study population was evaluated to determine which
variables and cutoff points yielded the most significant
division into 2 prognostic subgroups that were as homoge-
neous as possible for the probability of SVR. Thereafter, the
same analytic process was applied to all newly defined
subgroups. A restriction was imposed on the tree construc-
tion such that the procedure stopped when either no addi-
tional significant variable was detected or when the sample
size was below 20. For this analysis, the data mining soft-
ware IBM SPSS Modeler 13 (IBM SPSS Inc., Chicago, IL)
was utilized. SPSS software v.15.0 (SPSS Inc., Chicago, IL)
was used for multivariate logistic regression analysis.

Results
Decision tree analysis

Decision tree analysis was carried out on the model building
dataset from 506 patients using 18 variables. Figure 1 shows
the results. The analysis automatically selected 5 predictive
variables to produce a total of 7 subgroups of patients. Age
was selected as the variable of initial split with an optimal
cutoff of 50 years. The possibility of achieving SVR was
41% for patients older than 50 compared to 70% for patients
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Fig. 1 Decision tree analysis. Boxes indicate the factors for splitting
and the cutoff value for the split. Pie charts indicate the rate of SVR
for each group. Terminal subgroups of patients discriminated by the

younger than 50. Among patients younger than 50, the level
of serum AFP, with an optimal cutoff of 8 ng/ml, was
selected as the variable of second split. Patients with lower
AFP levels had a higher probability of SVR (77 vs. 44%).
Among older patients, platelet count was selected as the
second variable of split, with an optimal cutoff of
120 x 10°/1. Patients with higher platelet counts had a
higher probability of SVR (47 vs. 22%). Among patients
with platelet counts higher than 120 x 10°1, GGT was
selected as the third variable of split with an optimal cutoff
of 40 IU/1, Patients with a lower GGT level had a higher
probability of SVR (57 vs. 34%). Gender was selected as the
fourth variable of split, with male gender being a predictor of
a higher SVR probability (72 vs. 46% in patients with GGT
levels <40 TU/I and 43 vs. 24% in those with GGT >40 TU/).
HCVRNA load was included in the analysis but was not
selected as a significant variable.

The probabilities of SVR for the 7 subgroups derived by
this process were highly variable. The subgroup of young
patients (<50 years) with low serum AFP (<8 ng/ml)
(subgroup 1) or the subgroup of older (>50 years) male
patients with high platelet counts (=120 x 10°1) and low
serum GGT (<40 IU/) (subgroup 2) showed the highest
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probability of SVR (72 and 77%), while the subgroup of
older (>50 years) patients with low platelet counts
(<120 x 10°/1) (subgroup 7) and older (>50 years) female
patients with high serum GGT (subgroup 6) showed the
lowest probability of SVR (22 and 24%).

Validation of the decision tree

The results of the decision tree analysis were validated with
an internal validation dataset of 295 cases, which was
independent of the model building dataset. Each patient in
the validation set was allocated to subgroups 1-7 using the
flow-chart form of the decision tree. The rates of SVR were
77% for subgroup 1, 71% for subgroup 2, 55% for sub-
group 3, 44% for subgroup 4, 41% for subgroup 5, 17% for
subgroup 6, and 30% for subgroup 7. The rates of SVR for
each subgroup of patients were closely correlated between
the model building dataset and the internal validation
dataset (r* = 0.925) (Fig. 2a).

To further confirm the universality of the results, data
collected from 524 patients by a collaborating study group
were used for external validation. Thus, the dataset used for
external validation was completely independent of the
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Fig. 2 Validation of the decision tree amalysis by an internal and
external validation dataset: subgroup-stratified comparison of the
SVR rate. The rate of SVR in each subgroup was plotted. The X axis
represents the model building, and the ¥ axis represents the validation
datasets. a Internal validation and b external validation. There was a
close comelation between the model building and the intemal
validation datasel (correlation coefficient # = 0.925) and between
the model building and the external validation dataset (correlation
coefficient r* = 0.936)

original dataset used for model building. Each patient in
the external validation set was allocated to subgroups 1-7
using the flow-chart form of the tree. The rates of SVR
were 70% for subgroup 1, 59% for subgroup 2, 49% for
subgroup 3, 43% for subgroup 4, 41% for subgroup 5, 25%
for subgroup 6, and 32% for subgroup 7. The rates of SVR
for each subgroup of patients were closely correlated

Rate of SVYR (%) N
s § 383833333

Fig. 3 Comparison of SVR rates between groups divided by the
decision tree. The rate of SVR was compared among the 3 groups of
patients divided by the decision tree analysis (white, gray and black
boxes, indicating a Tow (L), intermediate (/) and high (H) probability
group, respectively). The rate of SVR was significantly different
among the 3 groups. *p < 0.0001, **p < 0.001

between the model-building dataset and the validation
dataset (% = 0.936) (Fig. 2b).

Construction of 3 groups according to the probability
of SVR

Seven subgroups were reconstructed into 3 groups according
to their predicted rates of SVR: the high probability group
consisted of subgroups 1 and 2, the intermediate probability
group consisted of subgroups 3, 4 and 5, and the low prob-
ability group consisted of subgroups 6 and 7. The rate of
SVR was significantly different among the 3 groups (Fig. 3).
The rate of SVR in the high probability group was consis-
tently high: 75% for model building patients, 76% for
internal validation patients and 65% for external validation
patients. Conversely, the rate of SVR in the low probability
group was consistently low: 23% for model building
patients, 28% for internal validation patients and 30% for
external validation patients. The rate of SVR in the inter-
mediate probability group was 44% for model building
patients, 45% for internal validation patients and 45% for
external validation patients. Since 28-32% of patients were
classified as high probability and 30-32% were classified as
low probability, roughly 60% of patients were classified as
having either a high or low probability of achieving SVR.

Effect of dose reductions of PEG-IFN and RBV
on SVR

The cumulative dose of PEG-IFN and RBV was not
included as a variable of analysis since the present study
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Fig. 4 Comparison of SVR rates umong groups stratified by drug
adherence. The 3 groups of patients divided by the decision tree
analysis (white, gray and black boxes indicating a low (L), interme-
diate () and high (H) probability group, respectively) were further
stratified according to the cumulative drug exposure of PEG-IFN and
RBYV. The good adherence group {(>80% planned dose of both PEG-
1IFN and RBYVY) had a higher rate of SVR compared with the poor
adherence group (<B0% planned dose of both PEG-IFN and RBV) in
the low (p = 0.0003) and intermediate (» = 0.007) but not in the high
probability group (p = 0.53)

aimed to develop a pre-treatment model for the prediction
of response. To analyze the possible effect of drug reduc-
tions on the result of the decision tree analysis, 3 groups of
patients divided by the decision tree analysis (low, inter-
mediate and high probability group) were further stratified
according to the cumulative drug exposure of PEG-IFN and
RBV (Fig. 4). Even after adjustment for adherence, 3
groups of patients still had low, intermediate and high
probability of achieving SVR, respectively. Of note, the
good adherence group (>80% planned dose of both PEG-
IFN and RBV) had higher rates of SVR compared with the
poor adherence group (<80% planned dose of both PEG-
IFN and RBV) in the low (p = 0.0003) and intermediate
(p = 0.007) probability group, but not in the high proba-
bility group (p = 0.53).

Factors associated with SVR by multivariate logistic
regression analysis

We also explored the factors associated with SVR using a
standard statistical analysis. By univariate analysis, age,
gender, serum albumin, creatinine, alanine aminotransfer-
ase, GGT, red blood cell count, hemoglobin, bematocrit,
platelet count and AFP were found to be associated with
SVR (Table 2). HCVRNA load was not associated with
SVR. By multivariate analysis, age, gender, GGT and
platelet count were found to be independently associated
with SVR (Table 3). Of note, AFP, which was selected as a
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significant predictor of response in the decision tree anal-
ysis, was not found to be an independent response predictor
in the standard multivariate analysis. This indicates a
unique feature of the decision tree analysis; i.e., it could
identify significant predictors that specifically apply to
selected patients, in this case patients younger than
50 years old.

Relationships between decision tree model and stage
of fibrosis or HCV RNA load

Liver biopsy was performed in 664 patients. The distribution
of fibrosis in three probability groups differed significantly.
Advanced fibrosis (F3 or F4) was higher in the low proba-
bility group (39%) compared to the intermediate probability
group (13%) (p < 0.0001} and to the high probability group
(6%) (p < 0.0001). Advanced fibrosis was also higher in the
intermediate group compared to the high probability group
(p = 0.01). AFP was significantly associated with liver
fibrosis stage: medians of AFP levels were 4.9, 5.9, 13.0 and
18.6 for F1, F2, F3 and F4, respectively (p < 0.0001,
Spearman’s rank correlations). Lower platelet counts cor-
related with advanced fibrosis stages (data not shown). The
SVR rate was higher in the high probability group compared
to the intermediate or low probability group after stratifi-
cation by HCV RNA load. Among patients with low
HCVRNA load (<400,000 IU/ml), the rate of SVR was 93,
59 and 50% for the high, intermediate and low probability
group, respectively (p = 0.002 for high vs. intermediate and
p < 0.001 for high vs. low probability groups). Among
patients with a high HCYRINA load (>400,000 fU/ml), the
rate of SVR was 73, 42 and 21% for the high, intermediate
and low probability group, respectively (p < 0.001 for high
vs. low, high vs. intermediate and intermediate vs. low
probability groups).

Discussion

Currently, the combination of PEG-IFN and RBV is the
recommended therapy for chronic HCV infection. The rate
of SVR with 48 weeks of therapy is around 50% in patients
with HCV genotype 1b and a high HCV RNA titer {2, 3].
To date, the virological response during therapy is the most
reliable means for predicting the likelihood of SVR [2, 24,
25]. More potent therapy, such as a triple combination of
protease inhibitor, PEG-IFN and RBV, is being evaluated
in clinical trials but is not readily available [26, 27]. Under
the circumstances, pre-treatment prediction of the likeli-
hood of SYR may be useful for both patients and physi-
cians to support clinical decisions as to whether to start
PEG-IFN/RBV therapy or delay treatment until a new
more effective therapy becomes available.



